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EXECUTIVE SUMMARY 

This document, upon approval by the U.S. Environmental Protection Agency (EPA), establishes 
a Total Maximum Daily Load (TMDL) for Polychlorinated Biphenyls (PCBs) in the South River 
Mesohaline Chesapeake Bay Segment (from this point on in the document the "South River 
Mesohaline Chesapeake Bay Segment" will be referred to as "South River") (20 12/ntegrated 
Report of Surface Water Quality in Maryland Assessment Unit ID:MD-SOUMH). Section 
303(d) ofthe federal Clean Water Act (CWA) and the EPA's implementing regulations direct 
each State to identify and list waters, known as water quality limited segments (WQLSs), in 
which current required controls of a specified substance are inadequate to achieve water quality 
standards (WQSs). For each WQLS, the State is to either establish a TMDL for the specified 
substance that the waterbody can receive without violating WQSs, or demonstrate that WQSs are 
being met (CFR 20 13a). 

Maryland WQSs specify that all surface waters of the State shall be protected for water contact 
recreation, fishing, and protection of aquatic life and wildlife (CO MAR 20 13a). The designated 
use of the waters of the South River is use II - Support of Estuarine and Marine Aquatic Life 
and Shellfish Harvesting (COMAR 20 13b). The Maryland Department of the Environment 
(MOE) has identified the waters ofthe South River (Integrated Report Assessment Unit 10: 
MD-SOUMH) on the State's 2012 Integrated Report as impaired by PCBs in fish tissue (2002) 
and impacts to biological communities (2008) (MOE 20 12). The Fecal Coliform TMDLs for the 
restricted areas in the South River watershed were approved by EPA in 2005. The Chesapeake 
Bay TMDL, which was approved by the EPA in December 2010, addressed the nutrient listing 
for the South River Mesohaline Segment. The TMDL established herein by MOE will address 
the total PCB (tPCB) listing for the waters of the South River. The listing for impacts to 
biological communities will be addressed at a future date. 

PCBs are a class of man-made, carcinogenic compounds with both acute and chronic toxic 
effects, which are also bioaccumulative and do not readily breakdown in the natural environment 
There are 209 possible chemical arrangements ofPCBs known as congeners, which consist of 
two phenyl groups and one to ten chlorine atoms. The congeners differ in the number and 
position of chlorine atoms along the phenyl groups. PCBs were manufactured and used for a 
variety of industrial applications and sold as mixtures under various trade names commonly 
known as Aroclors (QEA 1999). Sixteen different Aroclor mixtures were produced, each 
formulated based on a specific chlorine composition by mass. PCBs are a concern to human 
health, as regular consumption of fi sh containing elevated levels of PCBs will cause 
bioaccumulation within the fatty tissues of humans, which can potentially lead to the 
development of cancer. 

Since the South River was identified as impaired for PCBs in fish tissue, the overall objective of 
the tPCB TMDL established in this document is to ensure that the " fishing" designated use, 
which is protective of human health related to the consumption of fi sh, in the River, is supported. 
However, this TMDL will also ensure the protection of all other applicable designated uses 
within the River. This objective was achieved via the use of field observations and a one
segment Tidal Prism Model. The model incorporates the influences of freshwater discharge, 
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tidal flushin g and exchanges be tween the water column and bottom sed iments, thereby 
representing the dynamic transport within the South River. The water quality model is used to: 

I. Estimate and predict PCB transport and fate based on observed tPCB concentrations in 

the water co lumn and bottom sediments of the South River; 
2. Simulate long-term tPCB concentrations in the water co lumn and bottom sediments; 

3. Estimate the load reductions necessary to meet the TMDL water column and sediment 

endpo int concentrations, which a re derived from the Integrated Repo rt fish tissue listing 

threshold and site specific total Bioaccumulation Factors (tBAFs); 

4. Estimate the amount of time necessary for tPC B concentrations to reach the TMDL water 

column and sed iment endpoints, given the required load reductions from the individual 

source sectors and an estimated rate of decline in the tPCB concentrations at the 

boundary between the South River and the Chesapeake Bay mainstem. 

The CWA, as recently interpreted by the United States District Court, requires TMDLs to be 

protective of all the designated uses applicab le to a patticular waterbody (US District Coutt for 

the District of Columbia, 20 II ). Within the South River , these designated uses, as described 

previously, inc lude "water contact recreation," " fishing," "the protectio n of aquatic life and 

wildlife," and "Support of Estuarine and Marine Aquatic Life and Shellfish Harvesting". The 

TMDLs presented herein were developed specifical ly to be supportive of the " fishing" 

designated use, ensuring that the consumption of fi sh does not impact human health, thus 

addressing the impairment listings for "PCBs in fi sh tissue". 

The water column and sediment TMDL endpoint tPCB concentrations applied within this 

analysis are derived from Mary land 's Integrated Report fi sh tissue listing threshold tPCB 

concentration and site specific tBAFs. In the South River, the tPCB endpoint concentrations are 

lower than: I) EPA's human hea lth criterion tPCB water column concentration relative to fi sh 

consumption, and 2) both Maryland 's freshwater and saltwater chron ic criteria tPCB water 

column concentrations (i.e., water column TMDL endpoint tPCB concentrations < saltwater 

chronic tPCB criterion) . This indicates that the TMDL is not only protective of the " fi shing" 

designated use but a lso the "aquatic life" designated use, specifically the protection of "Support 

of Estuarine and Marine Aquatic Life and Shellfish Harvesting". Lastly, the designated use for 

"water contact recreation" is not associated with any potential human health risks due to PCB 

exposure. Dermal contact and consumption of water from activities associated with "water 

contact recreation" a re not sign ificant pathways for the uptake ofPCBs. The EPA human health 

criterion was developed so lely based o n organism consumption, as drinking water consumption 

does not pose any risk for cancer development at environmentally relevant levels. The only 

human health risk associated with PCB exposure is through the consumption of aquatic 

organ isms, which is add ressed by the water column and sediment tPCB endpoint concentrations 

applied w ithin this TMDL developed to be supportive of the "fish ing" designated use. 

As part of this analysis, both point and nonpoint sources of PCBs have been identified 
throughout the South River's watershed. Nonpoint sources inc lude d irect atmospheric deposition 

to the River, runoff from non-regulated watershed areas, resuspension and diffusion from bottom 

sediments, and tidal influence from the Chesapeake Bay mainstem. Point sources include 

National Pollutant Discharge Elimination System (NPDES) wastewater treatment plants 
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(WWTPs) and regulated stormwater runoff within the watershed. Model estimated tPCB loads 
from these point and nonpoint sources represent the baseline conditions for the South River. 

The objective of the TMDL established herein is to reduce current tPCB loads to the South River 
so that the water column and sediment TMDL endpoint tPCB concentrations are achieved. All 
TMDLs need to be presented as a sum of Waste load Allocations (WLAs) for the identified point 
sources, Load Allocations (LAs) for nonpoint source loads generated within the assessment unit, 
and where applicable, natural background, tributary, and adjacent segment loads. Furthermore, 
a ll TMDLs must include a margin of safety (MOS) to account for lack of knowledge and the 
many uncertainties in the understand ing and sim ulation of water quality parameters in natural 
systems (i.e. , the relationship between modeled loads and water quality) (CFR 20 13a). The 
MOS is intended to account for such unce11ainties in a manner that is conservative from the 
standpoint of environmenta l protection. An explicit MOS of 5% was incorporated into the 
analysis to account for such uncertainty. 

A summary of the base line load, TMDL, and maximum daily load (MDL) for the South River is 
presented in Table ES-1 . When implemented, load reductions required under this TMDL wi ll 
ensure that tPCB concentrations in the water column and sediment are at levels suppo11ive of the 
"fishing" designated use. The transport of PCBs to the River from the Chesapeake Bay 
mainstem and from bottom sediment via resuspension and diffusion are currently estimated to be 
the major sources ofPCBs. However, the load from resuspension and diffusion from bottom 
sed iments is resultant from other point and nonpoint source inputs (both historic and current) and 
not considered to be directly controllable source. In addition, this load is considered as an 
internal load within the modeling framework fo the TMDL, therefore it is not included in the 
tPCB baseline load and TMDL allocation. 

The water quality model developed for simulating ambient sediment and water column tPCB 
concentrations within the South River was used to determine the specific load reductions that 
wou ld result in simulated tPCB concentrations in the sediment and water column that meet the 
TMDL endpoints. In this study, it assumes that the tPCB concentrations in the Chesapeake Bay 
mainstem are decreasing at a rate of 5% per year. Given this rate of decline, the tPCB targets in 
both water column and sediment of the South River embayment will be met in about 12.3 years 
with the natural attenuation oftPCB concentration in the Chesapeake Bay mainstem. Therefore, 
no reduction is assigned to the watershed loads, inc luding non-point so urce and point source 
loads from the watershed, in order to achieve both the sed iment and water column TMDL 
endpoints. When the targets are met, the tPCB load from the Chesapeake Bay mainstem will be 
reduced by about 50% including an explicit 5% Margin of Safety. At that time, the total load to 
the waterbody wi ll be reduced by 46% from its baseline. 
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Source Baseline Baseline TMDL Load MDL 
Load Percentage Reduction 

(g/year) (%) (g/year) (%) (g/day) 

Chesapeake Bay Mainstem Influence 2227 97.8 1124 49.5 4.62 

Direct Atmospheric Deposition 
38.4 1.7 38.4 0.00 0.16 

(to the Surface ofthe Embayment) 

Watershed Nonpoint Sources 8.2 0.4 8.2 0.00 0.03 

Nonpoint Sources 2273.6 99.8 1171 48.5 4.81 

WWTP 0.024 0.001 0.024 0.00 0.00 

NPDES Regulated Stormwater 3.9 0.2 3.9 0.00 0.02 

Point Sources 3.92 0.2 3.92 0.00 0.02 

MOS(S%) 62 0.25 

Total 2278 100 1237 45.7 5.08 

Table ES-1: Summary of Baseline tPCB Baseline Loads, TMDL Allocations, Load 
Reductions, and MDLs in the South River 

Federa l regu lations require that TMDL ana lysis take into account the impact of c ritica l 
cond itions and seasonality on water qual ity (CFR 20 13b). The intent of these requirements is to 
ensure that load reductions required by this TMDL, when implemented, wi ll produce water 
quality conditions supportive of the des ignated use at all times. PCB levels in fish tissue become 
elevated due to long term exposure primari ly through consumption of lower trophic level 
organ isms, rather than a critical condition defined by acute exposure to temporary fluctuations in 
water colum n tPCB concentrations. Therefore, the selection of the annual average tPCB water 
column and sediment concentrations for comparison to the TMDL endpo ints adequately 
considers the impact of seasona l variations and c ritical conditions on the " fi shing" designated 
use in the river. T hus, the TMDL impl ic itly accounts for seasona l variations as well as critical 

conditions. 

Despite the fact that PCB loads from resuspension and diffus ion are not considered to be directly 
controllable, these load contributions are still expected to decrease over time as the resu lt of the 
natura l attenuation ofPCBs in the environment. In addition, discovering and remed iating any 
existing PCB land sources throughout the upstream Chesapeake Bay watershed v ia future TMDL 
development and implementation will further a id in the decline of the boundary condition tPCB 
concentrations and in meet ing water quality goals in the River. MOE a lso monitors and 
evaluates concentrations of contam inants in recreational ly caught fish, shel lfish, and crabs 
throughout Maryland. MOE w ill use these monitoring programs to evaluate progress towards 
meeting the " fi shing" designated use in the South River. 
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1.0 INTRODUCTION 

This document, upon approval by the U.S. Environmental Protection Agency (EPA), establishes 
a Total Maximum Daily Load (TMDL) for Polychlorinated Biphenyls (PCBs) in the South River 
Mesohaline Chesapeake Bay Segment (from this point on in the document the "South River 
Mesohaline Chesapeake Bay Segment" will be referred to as the "South River") (20 1 2lntegrated 
Report of Surface Water Quality in Maryland Assessment Unit ID:MD-SOUMH). Section 
303(d) ofthe federal Clean Water Act (CWA) and the EPA's implementing regulations direct 
each State to identify and list waters, known as water quality limited segments (WQLSs), in 
which current required controls of a specified substance are inadequate to achieve water quality 
standards (WQSs). For each WQLS, the State is to either establish a TMDL for the spec ified 
substance that the waterbody can receive without violating WQSs, or demonstrate that WQSs are 
being met (CFR 20 13a). 

TMDLs are established to determine the pollutant load reductions required to achieve and 
maintain WQSs. A WQS is the combination of a designated use for a particular body of water 
and the water quality criteria designed to protect that use. Designated uses include activities 
such as swimming, drinking water supply, protection of aquatic life, fi sh and shellfish 
propagation and harvest, etc. Water quality criteria consist of narrative statements and numeric 
values designed to protect the designated uses. Criteria may differ among waters with different 
designated uses. 

Maryland WQSs specifY that all surface waters of the State shall be protected for water contact 
recreation, fishing, and protection of aquatic life and wildlife (COMAR 20 13a). The des ignated 
use of the waters of the South River is use II - Support of Estuarine and Marine Aquatic Life 
and Shellfish Harvesting (COMAR 20 13b). The Maryland Department of the Environment 
(MOE) has identified the waters of the South River (Integrated Report Assessment Unit ID: 
MD-SOUMH) on the State's 2012 Integrated Report as impaired by PCBs in fish ti ssue (2002) 
and impacts to biological communities (2008) (MOE 20 12). The Fecal Coliform TMDLs for the 
restricted areas in the South River watershed were approved by EPA in 2005. The Chesapeake 
Bay TMDL, which was approved by the EPA in December 20 I 0, addressed the nutrient I isting 
for the South River Mesohaline Segment. The TMDL established herein by MOE will address 
the total PCB (tPCB) listing for the waters of the South River, for which a data solicitation was 
conducted, and all readily available data have been considered. The listing for impacts to 
biological communities will be addressed at a future date. 

PCBs are a class of man-made compounds that were manufactured and used for a variety of 
industrial applications. They consist of209 related chemical compounds (congeners) that were 
manufactured and sold as mixtures under various trade names, commonly referred to as Aroclors 
(sixteen different Aroclor mixtures were produced, each formulated based on a specific chlorine 
composition by mass) (QEA 1999). Each ofthe 209 possible PCB compounds consists oftwo 
phenyl groups and one to ten chlorine atoms. The congeners differ in the number and position of 
the chlorine atoms along the phenyl group. From the 1940s to the 1970s, they were extensively 
used as heat transfer fluids, flame retardants, hydraulic fluids, and dielectric fluids because of 
their dielectric and flame resistant properties. They have been identified as a pollutant of 
concern due to the following: 
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I. They are bioaccumulative and can cause both acute and chronic toxic e ffects; 
2. They have carcinogenic properties; 
3. They are persistent organic po llutants that do not readily breakdown in the env ironment. 

In the late 1970s, concerns regarding potentia l human health effects led the US government to 
take actio n to cease PCB production, restrict PCB use, and regulate the storage and di sposa l of 
PCBs. Despite these actions, PCBs a re still be ing released into the environment through fires or 
leaks from o ld PCB conta ining equipment, accidenta l spills, burning o f PCB conta ining oi ls, 
leaks from hazardous waste s ites, etc. S ince PCBs tend to bioaccumulate in aquatic organ isms, 
includ ing fi sh, people who consume fish may become exposed to PC Bs. In fact, e levated levels 
of PCBs in edible parts of fi sh tissue are one of the leading causes of fish consumption advisories 

in the US. 

The South Ri ver was originally identified as impa ired by PCBs in fish tissue on Mary land 's 
2002 Integrated Report based on fi sh tissue tPCB data from MD E's monitoring program that 
exceeded the tPCB fi sh tissue listing thresho ld o f 39 ng/g, or ppb - (wet weight) based on 4 
meals pe r month by a 76 kg indi vidua l (MOE 20 12). In addition to identify ing impaired 
waterbodies o n the State's Integrated Report, MOE a lso issues statewide and site specific fi sh 
consumpti on advi sories (ranging fro m 0 to 4 meals pe r month) and recommendations (ranging 
from 4 to 8 meals per month) . CurTent recreationa l fi sh consumption advisories suggest limiting 
the consumption of the following fish species caught in the South River: American Eel, Brown 
Bullhead, and Whi te Perch (MOE 20 14a). 
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2.0 SETTING AND WATER QUALITY DESCRIPTION 

2.1 General Setting 

Location 

The South River is a I 0-mile-long tidal tributary of the Chesapeake Bay in Anne Arundel 
County, Maryland. From its headwaters in western Anne Arunde l County, in the vicinities of 
Crofton, Millersville and Crownsville, the river enters the Chesapeake Bay south of the historic 
port city of Annapoli s. Its major non-tidal branches include the Nor1h River and Bacon Ridge 
Branch. The tidal range is 1.1 I feet (0.34 meters (m)) based on the United States National 
Oceanic and Atmospheric Administration tidal station in Kent Point, MD. The drainage area of 
the South River is approximately 146 square ki lometers (km 2) (36, 126 acres). The location of 
the South River watershed is shown in Figure I. 

Land Use 

Accord ing to the United States Geological Survey's (USGS) 2006 land cover data (USGS 2013), 
which was specifically developed to be applied within the Chesapeake Bay Program's (CBP) 
Phase 5.3.2 watershed model, land use in the South River watershed is a mixture of forest, urban, 
and agricu lture. Forest occupies approximately 46.7% of the watershed, while 32.6% is urban, 
11.4 is water/wetland, and 9.3% is agricu lture. The land use distribution is displayed and 
summarized in Figures 2 and Figure 3 as well as Table I . 
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Figure 1: Location Map of the South River Watershed 
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Figure 2: Land Use of the South River Watershed 
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Table 1: Land Use Distributions in the South River Watershed 

Land Use Area (km2
) 

Percent(%) 
of Total 

Water/Wetland 16.6 11.4 

Urban 47.7 32.6 

Forest 68.2 46. 7 

Agriculture 13.7 9.3 

Total 146.2 100.0 

• water/wetland • urban • forest • Agriculture 

Figure 3: Land Use Distribution in the South River Watershed 

2.2 Water Quality Characterization and Impairment 

Maryland WQSs specify that a ll surface waters of the State shall be protected for water contact 
recreation, fishing, and protection of aquatic life and wildlife (CO MAR 20 13a). The des ignated 
use of the waters of the South River is use II - Support of Estuarine and Marine Aquatic Life 
and Shellfish Harvesting (COMAR 2013b). There are no "high quality", or T ier II , stream 
segments (Benthic Index of Biotic Integrity [BIB I] and Fish Index of Biotic Integrity [F IB I] 
aq uatic life assessment scores > 4 [sca le 1-5]) located within the direct dra inage portions of the 
South River (COMAR 2014). 

The State o f Maryland has adopted three separate water co lumn tPCB criteria: a criterion for the 
protection of human health associated with the consumption of PCB contaminated fish, as well 
as fresh and salt water chronic tPCB criteria for the protection of aquatic life. The freshwater 
aq uatic life chronic criterion is used to assess non-tidal systems wh ile the sal twater aquatic life 
chronic crite rio n is used to assess tidal systems. As the South River is a tidal system, the 
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saltwater aquatic life chronic criterion is applied for assessing these waters. The Maryland 
human health tPCB criterion is set at 0.64 nanograms/ liter (ng/L), or parts per trillion (ppt) 
(COMAR 20 13c; US EPA 20 13a). The human health criterion is based on a cancer s lope factor 
(CSF) of2 milligrams/kilogram-day (mg/kg-day), a bioconcentration factor (BCF) of3 1 ,200 
liters/kilogram (Likg), a cancer risk level of I o·5

, a lifetime risk level and exposure duration of 
70 years, and fi sh intake of 17.5 g/day. A CSF is used to estimate the ri sk of cancer associated 
with exposure to a carcinogenic substance (i.e. PCBs). A BCF is the ratio of the concentration of 
a chemical (i.e. tPCBs) in an aquat ic organism to the concentration of the chemical in the water 
column. The slope factor is a toxicity value for evaluating the probability of an individual 
developing cancer from exposure to a chem ical substance over a lifetime through ingestion or 
inhalatio n. A cancer risk level prov ides an estimate of the additional inc idence of cancer that 
may be expected in an exposed population. A risk level of 10·5 indicates a probabi li ty of one 
additional case of cancer for every I 00,000 people exposed. The Maryland fresh and sa lt water 
chronic aquatic life tPCB criterion are set at 14 ng/L and 30 ng/ L, respectively (COMAR 20 13c; 
US EPA 20 13a). The water column mean tPC B concentration in the South River exceeds the 
human health tPC B criterion of0 .64 ng/L; however, none of the water column samples exceed 
the fresh and salt water aquatic life tPCB cri terion of 14 ng/ L and 30 ng/L (Table 2). 

In addition to the water column criteria described above, fi sh tissue mon itoring can serve as an 
indicator of PCB water quality conditions. The Maryland fish tissue monitoring data is used to 
issue fi sh consumption advisories/ recommendations and determine whether Maryland 
waterbodies are meeting the " fi shing" designated use. Only data results from the analys is of 
skinless fill ets, the edible portion offish typically consumed by humans, is used for assessment 
purposes and development of this TMDL. Currently Maryland applies 39 ng/g as the tPC B fi sh 
tissue listing threshold, based on a fi sh consumption limit of 4 meal s per month . When tPCB 
fi sh tissue concentrations exceed this threshold, the waterbody is listed as impaired for PCBs in 
fi sh tissue in Maryland 's Integrated Report as it is not supportive of the " fishing" designated use 
(MOE 20 12). MOE co llected fi sh tissue sam ples for PC B analys is in the South River a nd its 
watershed in October 20 I I and March 20 12. The tPCB concentrations for 5 out of 8 fish tissue 
composite samples (several species of fi sh inc luding white perch, carp and yellow perch were 
collected) exceed the listing threshold, demonstrating that a PCB impairment ex ists within the 
South River. 

In 20 II and 2012, monitoring surveys were conducted by MOE to measure water column tPCB 
concentrations at tidal and non-tidal monitoring stations throughout the South River and its 
watershed. The non-tidal tPCB water column concentrat io n data is required to characterize 
loadings from the watershed. Sed iment samples were collected at tidal stations in 20 II to 
characterize tPCB sediment concentrations. 

Table 2 summarizes the tPCB data for the fi sh ti ssue, water column, and sed iment samples that 
were applied in developing this TMDL. Water column tPCB criteria and the tPCB fish ti ssue 
listing threshold are displayed in Table 3. Figure 4 shows a map of the PCB water column, 
sediment and fi sh ti ssue sampling locations in the South River. Appendix I contains fi gures of 
the sampling locations and tables of al l o f the tPCB data. 
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Table 2: Summary of Fish Tissue, Water Column, and Sediment tPCB Data 

tPCB Data Units Sampling Years 
Sample tPCB Concentration 

Size Mean Maximum Minimum 
Fish Tissue ng/g 201 1,2012 8 54.4 109.5 16.6 

Water Column (tidal) ng/L 2011 ,20 12 16 0.714 1.597 0.23 
Water Column (non-tidal) ng/ L 201 1,20 12 16 0.281 1.173 0.00 

Sediment ng/g 201 1 10 24. 15 56.76 5.93 

Table 3: Water Column tPCB Criteria and tPCB Fish Tissue Listing Threshold 

tPCB Criteria/Threshold 

Fresh Water Chronic Aquatic Life Criterion 
Salt water Chronic Aquatic Life Criterion 
Human Health Criterion 
Fish Tissue Listing Threshold 
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Figure 4: The Locations of PCB Water Column, Sediment and Fish Tissue Monitoring 
Stations in the South River 
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PCB analytical services were provided by the Uni versity of Maryland Center for Environmental 
Science (UMCES). Specific PCB congeners were identified and quantified by high reso lution 
gas chromatography with GC-MS detection (Ayris eta/. 1997, Holwell eta/. 2007, Konietckka 
and Namiesnik 2008, Mydlova-Memersheimerova et a!. 2009). This method is based on EPA 
method 8082 which was developed in 1996. Since that time the extraction protocols have been 
enhanced to fall in line with those of EPA method 1668a. UMCES uses a slightly modified 
version of the PCB congener specific method described in Ashley and Baker ( 1999), in which 
the identities and concentrations of each congener in a mixed A roc lor standard (25 : 18: 18 mixtu re 
of Aroclors 1232, 1248, and 1262) are determined based on their chromatographic retention 
times relative to the internal standards (PCB 30 and PCB 204 and ten C 13 labeled standards). 
Based on thi s method, upwards of I 00 chromatographic peaks can be quantified. Some of the 
peaks contain one PCB congener, while many are comprised oftwo or more co-eluting 
congeners (Appendix A). 
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3.0 TARGETED WATER COLUMN AND SEDIMENT TMDL ENDPOINTS 

As described in Section 2.2, MOE evaluates whether a waterbody meets PCB related WQSs 
based on two criteria: I) the tPCB Integrated Report fish tissue listing thresho ld (39 ng/g, or 
ppb ), or 2) the human health tPCB water column criterion (0.64 ng/L, or ppt) or 3) the saltwater 
chronic tPCB criterion for protection of aquatic life (30 ng/L, or ppt) . Since the South River 
was identified as impaired for PCBs in fish tissue, the overall objective of the tPCB TMDL 
established in thi s document is to ensure that the " fishing" designated use, which is protective of 
human health related to the consumption of fish , in the river, is supported; however, this TMDL 
will also ensure the protection of all other applicable designated uses. 

The tPCB fish tissue li sting threshold was translated into an associated tPCB water column 
concentration to provide a TMDL endpoint, as the water quality model on ly simulates tPCB 
water column and sediment concentration and does not incorporate a food web model to predict 
tPCB fish tissue concentrations (see Equation 3.1 and Calcu lation 3.1 ). This was accomplished 
using the Adjusted Total Bioaccumulation Factor (Adj-tBAF) of 81,193 Llkg for the South River, 
the derivation of which follows the method applied within the Potomac River tPCB TMDLs 
(Haywood and Buchanan, 2007). A total Bioaccumulation Factor (tBAF) is calculated per fi sh 
species, and subsequently the tBAFs are normalized by the median species lipid content and 
median disso lved tPCB water column concentration in their home range to produce the Adj
tBAF per species (see Appendix B for further details regarding the calculation of the Adj-tBAF). 
The most environmentally conservative of the Adj-tBAFs is then selected to calculate the TMDL 
endpoint water column concentration. This final water column tPCB concentration was then 
subsequently compared to the water column tPCB criteria concentrations, as described in Section 
2.2, to ensure that all appl icable criteria within the embayment would be attained (Calculation 
3.1). 

PCB W C I C 
. tPCB Fish Tissue Concentration Listing Thresho ld 

t ater o umn oncentrat1on = --------------=-----
Adj- tBAF x Unit Conversion 

(Equation 3 .I) 

Substituting 39 ng/g into the equation results in: 

. 39 ng/a 
tPCB Water Column Concentration = o = 0.48 ng/L 

81,193 LlkgxO.OOJ kg/g 

(wh ich is< 0.64 ng/L (human health tPCB water column criterion)). 
(Calcu lation 3 .I) 

Based on this analysis, the water column tPCB concentration of0.48 ng/L, derived from the 
tPCB fish tissue listing threshold, is selected as the TMDL endpoint for the South River, wh ich is 
more stringent than the value of0.64 ng/L for hum an health, and the fresh and salt water chronic 
aquatic life tPCB criteria of I 4 ng/L and 30 ng/L, respectively. 

Similarly, in order to establish a tPCB TMDL endpoint for the sed iment in the River, a target 
tPCB sediment concentration was derived from the tPCB fish tissue listing threshold as the water 

South River I I 
PCB TMDL Report 
Document version: May 20 14 



INTERAGENCY REVIEW DRAFT 

quality model only s imulates tPCB sediment concentrations and not tPCB fish tissue 
concentrations (see Equation 3.2 and Calculation 3.2) to apply within this analysis as the 
sediment TMDL endpoint concentration. This was done using the Adjusted Sediment 
Bioaccumulation Factor (Adj-SediBAF) of2.79 (unitless) for the South River, the derivation of 
which follows the method applied within the Potomac River tPCB TMDLs (Haywood and 
Buchanan 2007). Similar to the calculation of the water co lumn Adj-tBAF, a sediment 
Bioaccumulation Factor (SediBAF) is calculated per fi sh species, and subsequently the 
SediBAFs are normalized by the median species lipid content and median organic carbon tPCB 
sediment concentration in their home range to produce the Adj-SediBAF per species (see 
Appendix B for further details regarding the calculation of the Adj-SediBAF). The most 
environmentally conservative of the Adj-SediBAFs is then selected to calculate the sediment 
T MDL endpoint tPCB concentration. 

PCBS d
. C . tPCB Fish T issue Concentration Listing Threshold 

t e 1ment oncentrat10n = - -------------=------
Adj- SediBAF 

(Equation 3.2) 

Substituting 39 ng/g into the equation results in: 

39 ng/o 
tPCB Sediment Concentration= o = 14.0 ng/g 

2.79 
(Calculation 3.2) 

Based on this analysis, the tPCB level of 14.0 ng/g derived from the fi sh tissue li sting threshold 
is set as the sediment TMDL endpoint. 

The C WA, as recently interpreted by the United States District Court, requires TMDLs to be 
protective of all the designated uses applicable to a particular waterbody (US District Court for 
the District of Columbia 20 I I). In addition to the " fishing" designated use, the TMDL presented 
herein is also supportive of the other applicable designated uses within the impaired waters, as 
described in the Introduction to this report and Section 2.2. These include "marine and estuarine 
aquatic life", "shellfi sh harvesting", and "water contact recreation". The water column endpoint 
tPCB concentrations are more stringent than Maryland's saltwater aquatic life chronic criterion 
tPCB water column concentration. This indicates that the TMDLs are protective of the "aquatic 
life" designated use, specifically the protection of"marine and estuarine aquatic life and shellfish 
harvesting". Lastly, the designated use for "water contact recreation" is not associated with any 
potential human health risks due to PCB exposure. Dermal contact and accidental consumption 
of water from activities associated with "water contact recreation" is not a significant pathway 
for the uptake of PCBs. The EPA human health criterion was developed sole ly based on aquatic 
organism (e.g. fish, shellfish, etc ... ) consumption, as drinking water consumption does not pose 
any risk for cancer development at environmentally re levant levels. The only human health ri sk 
associated with PCB exposure is through the consumption of aquatic organisms. 

South River 
PCB TMDL Report 
Document version: May 2014 

12 



INTERAGENCY REVIEW DRAFT 

4.0 SOURCE ASSESSMENT 

PCBs do not occur naturally in the environment. Therefore, unless existing or historical 
anthropogenic sources are present, their natural background levels are expected to be zero. 
Although PCBs are no longer manufactured in the United States, they are still being released to 
the environment via accidental fires, leaks, or spill s from PCB-containing equipment; potential 
leaks from hazardous waste sites that contain PCBs; illegal or improper dumping; and disposal of 
PCB-containing products (e.g., transformers, old fluorescent lighting fixtures, e lectrical devices 
or appliances containing PCB capacitors, o ld microscope oi l, and old hydraulic oil) into landfills 
not designed to handle hazardous waste. Once in the environment, PCBs do not readily break 
down and tend to cycle between various environmental media such as a ir, water, and soil. 

PCBs exhibit low water solubility, are moderately volati le, strongly adsorb to organics, and 
preferentially partition to upland and bottom sed iments. The major fate process for PCBs in 
water is adsorption to sediment or other organic matter. Adsorption and subsequent 
sedimentation may immobilize PCBs for relatively long periods oftime. However, desorption 
into the water column may a lso occur; PCBs contained in layers near the sediment surface may 
be slowly released over time, while concentrations present in the lower layers may be effectively 
seq uestered from environmental distribution (RETEC 2002). 

The linkage between the "fishing" designated use and PCB concentrations in the water column is 
via the uptake and bioaccumulation ofPCBs by aquatic organisms. Bioaccumulation occurs 
when the combined uptake rate of a given chemical from food, water, and/or sediment by an 
organism exceeds the organisms' abil ity to remove the chemical through metabolic functions, 
dilution, or excretion, resulting in excess concentrations of the chemical being stored in the body 
of the organism. Depending on the life cycle and feeding patterns, aquatic organisms can 
bioaccumulate PCBs via exposure to concentrations present in the water column (in dissolved 
and/or particulate form) and sediments, as well as from consumption of other organ isms resulting 
in the biomagnification of PCBs within the food chain (RETEC 2002). Humans can be exposed 
to PCBs via consumption of aquatic organisms, which over time have bioaccumulated PCBs. 

A simplified conceptual model of PCB fate and transport in the South River is diagramed in 
Figure 5. PCB sources, resulting primarily from historical uses ofthese compounds and 
potential releases to the env ironment as described above, include point and nonpoint sources. 
This section provides a summary of these existing non point and point sources that have been 
identified as contributing tPCB loads to the South River. 
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Figure 5: Conceptual Model of the Key Transport and Transformation Processes of PCBs 
in Surface Water and Bottom Sediments of the South River a nd Entry Points to the Food 

Chain 

4.1 Nonpoint Sources 

For the purpose of this TMDL, under current conditions, the following non point sources of PCBs 
have been identified: I) Chesapeake Bay mainstem tida l influence, 2) resuspension and 
diffusion from bottom sediments, 3) direct atmospheric deposition to the river, and 4) runoff 
from non-regulated watershed areas w ithin the South River's direct drainage. No contaminated 
sites were identified in the South River wa tershed with the potentia l to discharge PCBs, based 
upon a review ofthe MOE Land Restorat ion Program 's Geospatial Database [(MOE 201 4b). A 
detailed explanation of each nonpoint source category wi ll be presented in the fo llowing 
sections. 

1) Chesapeake Bay Mainstem Tidal Influence 

The South River embayment is highly influenced by tidal exchange of PCBs from the 
Chesapeake Bay mainstem. The tidal prism model, using observed tPC B concentrations 
measured at the mo uth of the South River and within the South River embayment, predicts a 
gross tPCB input of 2,227 g/yea r fro m the Bay to the River and a gross tPC B output of 2,072 
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g/year from the River to the Bay. These loads result in a net tPCB transport of 155 g/year from 
the Bay to the River. Therefore, currently the Chesapeake Bay mainstem is a major source of 
tPCBs to the South River embayment (see Table 4 , Appendix D, and Appendix E). However, 
with the attenuation of tPCB concentration in the Chesapeake Bay mainstem, the net transport of 
PCBs from the Bay to the River could shift in the future. 

2) Resuspension and Diffusion from Bottom Sediments 

Because PCBs tend to bind to the organic carbon fraction of suspended sediment in the water 
column, which settles onto the embayment floor, a large p011ion of the tPCB loads deli vered 
from various point and non-point sources to the embayment will deposit in the bottom sediments. 
This accumulation of PC Bs can subsequently become a s ignificant source of PCBs to the water 
column in th e embayment via the disturbance and resuspension of sediments. Disso lved tPCB 
concentrations in sediment pore water will also diffuse to the water column. The tidal prism 
model, applying observed tPCB concentrations in the water column and sediment, predicts a 
gross tPCB load of 4,284 g/year from bottom sediment to the water column through resuspension 
and diffusion and a gross tPCB load of2, 174 g/year from water column to the bottom sediment 
through settling. This results in a net tPCB transport of 2, II 0 g/year from the bottom sed iment 
of the South River to the water column under baseline conditions. 

Although the transport of PCBs to the River from bottom sedim ent via resuspension and 
diffusion is currently estimated to be the major source of PCBs, this load contribution is 
resultant from other point and nonpoint source inputs (both historic and current) and is not 
considered to be directly controllable source. In addition, the water quality model deve loped for 
this TMDL simulates conditions within the water column and sediment as a single system therefore 
exchanges between the sed iment and water column are considered an internal loading. Only external 
sources to the system are assigned a base line load or allocation within a TM DL. Therefore, this load 
will not be presented as a baseline load or TMDL allocation. 

3) Atmospheric Deposition 

PCBs enter the atmosphere through volatilization. There is no recent study of the atmospheric 
deposition of PCBs to the surface of the South River. CBP' s Atmospheric Deposition Study (US 
EPA 1999) estimated a net deposition of 16.3 micrograms/square meter/year (11g/ m2/year) of 
tPCBs for urban areas and a net deposition of 1.6 jlg/m2/year oftPCBs for reg ional (non urban) 
areas. In the Delaware River estuary, an extensive atmospheric deposition monitoring program 
conducted by the Delaware River Basin Commission (DRBC) found PCB deposition rates 
ranging from 1.3 (non urban) to 17.5 (urban) jlg/m2/year oftPCBs (DRBC 2003). Since urban 
land use comprises less than one third of the South River embayment's watershed (32.6%, see 
Table I), the 1.6 11g/m2/year tPCB depositional rate for non urban areas resultant from CBP's 
1999 study is appropriate for the South River watershed. Therefore, the atmospheric deposition 
load to the direct watershed can be calculated as multiplying 1.6 jlg/m2/year by the South River 
watershed area of 146.2 km2

, which results in a load of234 g/year. However, according to 
Totten eta!. (2006), only a portion of the atmospherically deposited tPCB load to the terrestrial 
part ofthe watershed is expected to be delivered to the embayment. Applying the PCB pass
through efficiency estimated by Totten eta!. (2006) for the Delaware River watershed o f 
approximately I%, the atmospheric deposition load to the South Ri ver from the watershed is 
approximately 2.3 g/year. This load is accounted for within the loading from the watershed and 
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is inherently modeled as pa1t of the non-regulated watershed runoff and the National Pollutant 
Discharge Elimination System (NPDES) Regulated Stormwater loads described below and in 
Section 4.2. 

Similarly, the direct atmospheric deposition load to the surface of the river of38.4 g/year was 
calculated by multiplying the surface area of the river (23.98 km2

) and the deposition rate of I .6 
J..lg/m2/year. 

4) Watershed Sources: Non-regulated Watershed Runoff 

The non-regulated watershed runofftPCB load corresponds to the non-urbanized areas (i.e. , 
primari ly forest and wetland areas) of the watershed. The load associated with the urbanized 
area of the watershed represents the NPDES Regulated Stormwater tPCB load which is 
presented in Section 4.2 under Point Sources. 

MDE collected water column samples for PCB analysis at 4 watershed monitoring stations in the 
non-tidal tributaries of the South River in May, August, and October of20 II and February 
20 12(See Appendix J). To calculate the watershed flow, the daily flow rates from January I , 
2008 to December 31, 2013 at the nearest United States Geological Survey (USGS) station 
located at South Fork Jabez Branch at Mi llersville (USGS 0 1589795) (see Figure 4) were 
averaged. The flow from the South River watershed (48.366 cubic feet per second) was 
calculated by dividing its closest USGS station mean flow (0.858 cubic feet per second) by the 
USGS station drainage area (2.59 km 2), and multiplying this quotient by the watershed area 
( 146 km 2) (Equation 4.1 ). 

USGS Mean Flow 
Watershed Flow= x Watershed Area (Equation 4.1 ) 

USGS Drainage Area 

The South River watershed baseline tPCB loading ( 12. 1 g/year) was ca lculated by multiplying its 
average fl ow and mean measured tPCB concentration (0.28 1 ng/L). The mean measured tPCB 
concentration is the average of al l the concentration data at the 4 watershed stations. 

As mentioned above, about 2.3 g/year of the South River watershed ' s baseline load is attributed 
to atmospheric deposition to the land surface of the direct drainage, and is inherently captured 
within the total watershed tPCB baseline load of 12.1 g/year. 

The non-regulated watershed runofftPCB baseline load (8.2 g/year) was estimated by 
multiplying the percentage of non-urban land use (67.4 %) within the watershed by the total 
watershed baseline load (12.1 g/year). 
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4.2 Point Sources 

Point Sources in the South River watershed include one wastewater treatment plant (WWTP), 
Summer Hill Mobile Home Park WWTP (NPDES number MD0023272), and several stormwater 
discharges regulated under Phase I and Phase II of the NPDES stormwater program. There is 
one industrial process water facility in this watershed (Alliant Techsystems, Inc.), which has 
been determined to have no potential to discharge PCBs. This section provides detailed 
explanations regarding the calculation of the point source tPCB baseline loads. 

WWTPs 

No tPCB effluent concentration data is avai lable for Summer Hill Mobile Home Park WWTP, so 
the tPCB concentration was estimated based on the median tPCB effluent concentration from 13 
WWTPs monitored by MOE in the Chesapeake Bay watershed (MOE 2006). The baseline tPCB 
load from this facility (0.024 g/year) was calculated based on the daily monitoring record (DMR) 
average discharge flow and the estimated median tPCB concentration. Table 4 provides 
information on the data used in calculating the basel ine load. 

Table 4: Summary of Municipal WWTP tPCB Baseline Loads 

Average Average tPCB 
Facility Name NPDES# Concentration Flow Baseline 

(ng/L) (MGD) Load (g/year) 
Summer Hill Mobile WWTP MD0023272 0.91 0.0 19 0.024 

Industrial Process Water Facility 

Industrial process water faci lities are included in Maryland's PCB TMDL analyses if: I) they 
are located within the appl icable watershed and 2) they have the potential to discharge PCBs. 
Per guidance developed by Virginia for monitoring point sources in support ofTMDL 
development, speci fic types of industrial and commercial operations are more likely than others 
to discharge PCBs based on historic or current activit ies. The State has identified specific types 
of permitted industrial and municipal facilities based on their Standard Industrial Classification 
(S IC) codes as having the potential to contain PCBs within their process water discharge 
(VADEQ 2009). This methodology has been previously applied within MD's Baltimore Harbor 
PCB TMDLs which have been approved by the EPA (MOE 2011a). 

One industrial process water faci lity (Alliant Techsystems, Inc.) was identified within the South 
River watershed. This facility has an SIC code (3812)defined in Virginia's guidance as having 
no potential to discharge PCBs. Therefore, there is no tPCB load from industrial process water 
facility part for this TMDL. 

NPDES Regulated Stormwater 

The Department applies EPA's requirement that '·stormwater discharges that are regulated under 
Phase I or Phase II of the NPDES stormwater program are point sources that must be included in 
the Wasteload Allocation (WLA) portion of a TMDL" (US EPA 2002). Phase I and II permits 
can include the following types of discharges: 
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Small , medium, and large Municipal Separate Storm Sewer Systems (MS4s) 
these can be owned by local jurisdictions, municipalities, and state and federal 
entities (e.g., depa11ments oftransportation , hospitals, military bases); 
Industrial facilities permitted for stormwater discharges; and 
Small and large construction s ites. 

A list of a ll the NPDES. regulated stormwater permits within the South River watershed that 
cou ld potentially convey tPCB loads to the River is presented in Appendix I. 

MOE estimates pollutant loads from NPDES regulated stormwater areas based on urban land use 
class ification within a given watershed. The 2006 USGS spatial land cover, which was used to 
develop CBP's Phase 5.3.2 watershed model land use, was applied in this TMDL to estimate the 
NPDES Regulated Storm water tPCB Baseline Load. 

The South River watershed is entirely located within Anne Arundel County, Maryland. The 
NPDES stormwater permits within the watershed include: (i) the area covered under Anne 
Arundel County's Phase II jurisdictional MS4 permit, (ii) the State Highway Admini stration 's 
Phase II MS4 permit, (iii) state and federal general Phase II MS4's, ( iv) industrial fac ilities 
permitted for stormwater discharges, and (v) construction s ites (see Appendix H for a li st of all 
NPDES regulated stormwater permits). 

The NPDES Regulated Storm water tPCB Baseline Load (3.9 g/year) was estimated by 
multiplying the percentage of urban land use (32.6%) of the direct drainage by the total direct 
drainage base line load (12.1 g/year). 

4.3 Source Assessment Summary 

From this source assessment all point and non point sources of PCBs to the South River 
watershed have been identified and characterized. Non po int sources of PCBs have been 
identified: I) Chesapeake Bay main stem tidal influence, 2) resuspension and diffus ion from 
bottom sediments, 3) direct atmospheric deposition to the river, and 4) runoff from non-regulated 
watershed areas within the South River's direct drainage. Point sources include one municipal 
WWTP and NPDES regulated stormwater runoff. Estimated tPCB loads from these point and 
nonpoint sources represent the baseline conditions for the watershed. 

A summary of the tPCB baseline loads for the South River is presented in Table 5. The total 
tPCB load to the South River embayment is 6,562 g/year (6.56 kg/year). In order to address the 
long term PCB load variation, the loads for this model a re calculated using a 6-year mean flow 
from January I , 2008 to December 3 1, 20 13 (PCB data were taken in 20 II and 20 12). 

As explained in Section 4.1, since the loads from resuspens io n and di ffusion from bottom 
sediments are not considered to be directly controllable (reducible) loads and it is considered as 
an internal load within the modeling framework of the TMDL, they a re not included in the tPCB 

baseline load summaries. 
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Table 5: Summary of tPCB Baseline Loads in the South River 

Source 

Chesapeake Bay Mainstem Influence 

Direct Atmospheric Depos ition 

(to the Surface of the Embayment) 

Watershed Nonpoint Sources 

Nonpoint Sources 

WWTP 

NPDES Regulated Stormwater 

Point Sources 

Total 
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Baseline Baseline 

Load (g/year) Percenta2:e (%) 

2227 97.78 

38.4 1.69 

8.2 0.36 

2273.6 99.83 

0.024 0.001 

3.9 0. 17 

3.92 0.17 
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5.0 TOTAL MAXIMUM DAILY LOADS AND LOAD ALLOCATION 

5.1 Overview 

A TMDL is the total amount of an impairing substance that a waterbody can receive and still 
meet WQSs. The TMDL may be expressed as a mass per unit time, toxicity, or other appropriate 

_ measure and should be presented in terms of WLAs, load a llocations (LAs), and e ither an 
implicit or explicit margin of safety (MOS) (CFR 20 13a): 

TMDL = WLAs + LAs+ MOS (Equation 5. 1) 

This section describes how the tPCB TMOL and the correspond ing LAs and WLAs have been 
developed for the South River watershed. The analysis framework for simulating PCB 
concentrations is described in Section 5.2. Section 5.3 addresses critical conditions and 
seasonality, and Section 5.4 presents the allocation of loads between point and nonpoint sources. 
The MOS and model uncertainties are discussed in Section 5.5, and the TMDL is summarized in 
Section 5.6. 

5.2 Analysis Framework 

A tidal prism model that incorporates the influences o f both fresh water discharge and tidal 
flushing was used to s imulate the dynamic interactions between the water column and bottom 
sediments within the South River embayment and the Chesapeake Bay mainstem (MOE 2005, 
Kuo et a l.2005). Within the South River embayment, the tidal exchange with the Chesapeake 
Bay mainstem, freshwater inputs, exchanges with the atmosphere due to deposition and 
volatilization, and the exchange with the bottom sediments through diffusion, resuspension, and 
settling are the dominant processes affecting the transport of PCBs in the water column. The 
burial of PCBs to deeper inactive layers of sed iment and exchanges at the sediment-water 
column interface (through diffusion, resuspension, and settling) are the dominant processes 
affecting the transport of PCBs in the bottom sediments. A detailed description of the model is 
presented in Appendices D and E. 

The observed average tPCB concentrations in the water column and sediment (2011, 2012) were 
used to characterize the initial (baseline) model conditions. Based on the study ofKo and Baker 
(2004), on average the tPCB concentrations in the Upper Chesapeake Bay are decreasing at a 
rate of 6 .5% per year. As a conservative estimation, thi s study assumes a PCB attenuation rate of 
5.0% per year at the boundary between the South River and the Chesapeake Bay mainstem as 
used in the Back River PCB TMDL study (MOE, 2011b). All other inputs (i.e., fresh water 
inputs, tidal exchange rates, sediment and water co lumn exchange rates, atmosphere deposition, 
and burial rate) were kept constant. 
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The model was initially run for 30,000 days to predict the time needed for the water column 
tPCB concentration to meet the site-specific tPCB water column TMDL endpoint. The results 
indicated that when the site-specific water column TMDL endpoint (0.48 ng/L) was met, the 
tPCB sediment concentration was still higher than the site-specific sediment TMDL endpoint (14 
ng/g). Consequently, the model was run again for 30,000 days to predict the time needed for the 
sediment concentrations to reach the TMDL endpoint. Figure 6 shows the simulated results: 
after 4480 days (about 12.3 years) the tPCB sediment concentration reached 14 ng/g, at which 
time the water column tPCB concentration was equal to 0.45 ng/L. 
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Figure 6: Change of Average Water Column and Bottom Sediment tPCB Concentrations 
with Time within the South River (Natural Attenuation Only) 
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Asstated in Section 4, the Chesapeake Bay mainstem tidal influence and resuspension and 
diffusion from the bottom sediments are the two primary sources oftPCB baseline loads 
resulting in the PCB impairment in the South River embayment. However, the loads from 
resuspension and diffusion from bottom sediments are not considered to be directly controllable 
(reducible) loads and it is considered as an internal load within the modeling framework of the 
TMDL, therefore they are not included in the tPCB baseline load and TMDL allocation. 
Attainment ofthe site-specifi c tPCB water quality TMDL endpoints is expected to take place 
over time as the Chesapeake Bay mainstem tPCB concentrations continue to decline, which also 
results in the natural attenuation oftPCB levels in the legacy sediments (i.e., the covering of 
contaminated sediments with newer, less contaminated materials, flushing of sed iments during 
periods of high stream flow, and biodegradation). Assuming that the tPCB concentrations in the 
Chesapeake Bay mainstem will continue to decline, at or above the current rate of 5% per year, 
no additional tPCB reductions wi ll be necessary to meet the "fishing" designated use in the 
South River embayment. 

5.3 Critical Condition and Seasonality 

Federal regulations require TMDL ana lysis to take into account the impact of critical conditions 
and seasonality on water quality (CFR 20 13a). The intent of this requirement is to ensure that 
water quality is protected when it is most vulnerable. 

This TMDL is protective of human health at all times; thus, it implicitly accounts for seasonal 
variations as well as critical conditions. Achievement of the TMDL endpoints for sed iment and 
water column through the implementation of load reductions will result in PCB levels in fish 
tissue acceptable for human consumption without posing a risk for development of cancer. 
Bioaccumulation of PCBs in fish is driven by long-term exposure through respiration, dermal 
contact, and consumption of lower order trophic level organisms. The critical condition defined 
by acute exposure to temporary fluctuations in PCB water column concentrations during storm 
events is not a significant pathway for uptake of PCBs. Monitoring of PCBs was conducted on a 
quarterly basis to account for seasonal variation in establi shing the baseline condition for 
ambient water quality in the South River and estimation of watershed loadings. Since PCB 
levels in fish tissue become elevated due to long-term exposure, it has been determined that the 
selection of the annual average tPCB water column and sediment concentrations for comparison 
to the endpoints applied within the TMDL adequately considers the impact of seasonal variations 
and critical conditions on the " fishing" designated use in the South River. Furthermore, the 
water column TMDL endpoint is also supportive of the " protection of aquatic life" designated 
use at all times as it is more stringent than the freshwater and salt water chronic tPCB criteria. 

South River 
PCB TMDL Report 
Document version: May 20 J 4 

23 



INTERAGENCY REVIEW DRAFT 

5.4 TMDL Allocations 

All TMDLs need to be presented as a sum ofWLAs for point sources and LAs for nonpoint 

source loads generated within the assessment uni t, and if applicable LAs for the natural 
background, tributary, and adjacent segment loads (CFR 20 13b ). The State reserves the right to 

revise these a ll ocations provided the revis ions are consistent with achieving WQSs. The 

allocations described in this section summarize the tPCB TMDL established to meet the "fishing" 

designated use in the South River. These allocations are a lso supportive of the ' protection of 

aquatic life" designated use as exp lained above. 

As stated in Section 4.3, the PCB load from the Chesapeake Bay mainstem is the major sources 

for the South River embayment, which accounts for about 97.8% of total baseline loads to the 

River. Jn Section 5.2, model s imulation results show that both the water column and sediment 

PCB targets will be met in about 12.3 years with only natural attenuation oftPCB concentration 

at the Chesapeake Bay mainstem. Therefore, no reducti on is assigned to the watershed loads, 

including non-point source and po int source loads from the watershed. When the targets met, the 

tPCB loads from the Chesapeake Bay mainstem will be reduced about 50% of its baseline load, 

including an explicit 5% Marg in of Safety (Table 6). 

5.5 Margin of Safety 

All TMDLs must inc lude aMOS to account for the lack of knowledge and the many 
uncertainties in the understanding and s imulation of water quality parameters in natural systems 

(i.e., the relationship between modeled loads and water quality). The MOS is intended to 

accou nt for such uncertainties in a manner that is conservative from the standpo int of 

environmenta l protection. Uncertainty w ithin the model framework includes the estimated rate 

of decline in tPCB concentrations within the Chesapeake Bay mainstem, as well as the in itial 

condition of mean tPCB concentrations that was selected for the model. In order to account for 

these uncertainties, MOE applied an explicit 5% MOS, in order to provide an adeq uate and 

environmentally protective TMDL. 

5.6 Maximum Daily Loads 

All TMDLs must inc lude maximum daily loads (MDLs) consistent w ith the average annual 

TMDL. For thi s TMDL, tPCB MDLs are developed for each source category by converting 

dai ly time-series loads into TMDL values consistent with available EPA gu idance on generating 

daily loads fo r TMDLs (US EPA 2007). The approach builds upon the TMDL modeling 

ana lysis that was conducted to ensure that average annual load targets resu lt in compliance with 

the TMDL endpo int tPCB concentrations and considers a daily load level of a reso lution based 

on specific data for each source category. The detai led calculation ofMDLs is reported in 

Appendix Hand the results are shown on Table 6. 
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5.7 TMDL Summary 

Table 6 summarizes the tPCB baseline loads, TMDL al locations, load reductions, and maximum 
daily loads (MDLs) (see Appendix H for further detai ls regarding MDL calculations) for the 
South River. 

Table 6: Summary of tPCB Baseline Loads, TMDL Allocations, MDL, and Associated 
Percent Reductions 

Source 

Chesapeake Bay Mainstem Influence 

Direct Atmospheric Deposition 

(to the Surface ofthe Embayment) 

Watershed Nonpoint Sources • 

Nonpoint Sources 

WWTP* 

NPDES Regulated Stormwater 

Point Sources 
;. 

MOS(S%) 

Total 
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Baseline 
Load 

(g/year) 

2227 

38.4 

8.2 

2273.6 

0.024 

3.9 

3.92 

2278 

25 

Baseline TMDL Load MDL 
Percentage Reduction 

(%) (g/year) (%) (g/day) 

97.8 1124 49.5 4.62 

1.7 38.4 0.00 0.16 

0.4 8.2 0.00 0.03 

99.8 1171 48.5 4.813 

0.001 0.024 0.00 0.000 

0.2 3.9 0.00 0.0 16 

0.2 3.92 0.00 0.02 

62 0.25 

100 1237 45.7 5.08 
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6.0 ASSURANCE OF IMPLEMENTATION 

This section provides the basis for reasonab le assurance that the tPCB TMDL for the South 
River wi ll be achieved and maintained. 

As discussed in the previous sections, the C hesapeake Bay mainstem tidal influence and 
resuspension and diffus ion from the bottom sediments have been identified as the two major 
sources of PCBs to the South River embayment. However, the loads from resuspension and 
diffusion from bottom sediments are not considered to be directly controllable (reducible) 
loads and it is considered as an internal load within the modeling framework of the TMDL, 
so they are not included in the tPCB baseline load and TMDL allocation. 

Given that PCBs are no longer manufactured, and their use has been substantially restricted, 
it is reasonable to expect that with time tPCB concentrations in the aquatic environment wi ll 
decline. In thi s study, it is assumed that the tPCB concentrations in the Chesapeake Bay 
mainstem are decreasing at a rate of 5% per year. Given this rate of decline, the tPCB levels 
in the South River embayment are expected to decline over time. Other processes, such as 
the burial of contaminated sediments with newer, less contaminated materials, flushing of 
sed iments during periods of high stream flow, and b iodegradatio n will contribute to this 
natural attenuation. Model sce nari o pred ict that w ith the natural attenuation of tPCB 
concentratio ns in the Chesapeake Bay mainstem the tPCB targets in both water colum n and 
sed iment of the South River embayment will be met in about 12 .3 years. No reductio n is 
needed from the watershed load. 

Aside from the processes of natural attenuati on, an a lte rnative approach that can assist in 
reducing the tPCB concentrations in the water column so as to meet WQSs is the phys ical 
removal of the PCB-contaminated sed iments (i.e. , dredging). This process wou ld minimize 
one of the primary, potential sources oftPCBs to the water column. When considering 
dredging as an option, the risk versus benefit must be weighed as the removal of 
contam inated sediment may potentially damage the habitat and health of the existing benthic 
community. T he process of stirring up suspended sediments during dredging may damage 
the gills and/or sensory organs of benthic macroinvertebrates and fi sh. Suspended sed iments 
can a lso affect the prey gathering ability of s ight-feeding fish during dredging operations. In 
add ition, the resuspension of contaminated sed iments causes additional exposure of PCBs to 
aquatic organisms. In the case of the South River, by allowing for natural attenuat ion of 
PCBs in the sediment, water quality supportive of the "fi shing" designated use wi ll be 
achieved within 12.3 years while avoiding di sturbance of the benthic habitat. 

Additionally, discovering and minimiz ing any existing PCB land sources throughout the 
Chesapeake Bay wate rshed via future TMDL development and implementation efforts could 
further help to meet water quality goals in the South River watershed . 

MOE's Environmental Assessment and Standards Program will periodically mon itor and 
evaluate concentrations of contaminants in recreationally caught fi sh, shellfish, and crabs 
throughout Maryland .. This information wi ll be used to evaluate the PCB impairment in the 
South River embayment on an ongoing basis. Any future monitoring should include 
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congener specific analytical methods. Ideally, the most current version of EPA Method 1668 
should be used, or other equivalent methods capable of providing low-detection level, 
congener specific resu lts. In establ ishing the necessity and extent of data collection within 
Maryland , MOE will collaborate with the affected stakeholders, and take into account data 
that is a lready availab le as wel l as the proper characterization of intake (or pass through) 
conditions, consistent with NPDES program " reasonable potential" determinations and the 
applicable provisions of the Environment Article and COMAR for permitted facil ities. 
Similar approaches may be applicab le for al l upstream jurisdictions with regards to PCB 
monitoring and stakeholder collaboration. 

Under certain conditions, EPA's NPDES regulations al low the use of non-numeric, BMP 
water quality based effluent limits (WQBELs). BMP WQBELs can be used where 
"numeric effluent limitations are infeasible; or the practices are reasonably necessary to 
achieve effluent limitations and standards or to carry out the purposes and intent of the 
CWA" (CFR 20 13c). For example, MOE's Phase I MS4 permits require restoration targets 
for imperv ious surfaces (i.e., restore I 0% or 20% of a jurisdiction's total impervious cover 
with no stormwater management/ BMPs), and these restoration efforts have known total 
suspended solids (TSS) reduction efficiencies. Since PCBs are known to adsorb to 
sediments and their concentrations correlate with TSS concentrations, the s ignificant 
restoration requirements in the MS4 permits, which will lead to a reduction in sed iment 
loads entering the South River, will also contribute toward tPCB load reductions and 
meeting PCB water quality goals. Implementation of similar restoration measures with in 
upstream jurisdictions wou ld also contribute additional reductions to PCB loadings from 
the Chesapeake Bay mainstem and provide progress towards ach iev ing the TMDL. Other 
BMPs that focus on PCB source tracking and elimination at the source rather than end-of
pipe controls are also warranted. Where necessary, the source characterization efforts w ill 
be followed with pollution minimization and reduction measures that will incl ude BMPs 
for reducing runoff from urban areas, identification and termination of ongoing sources 
(e.g., industria l uses of equ ipment that contain PCBs), etc . The identified NPDES 
regulated WWTP and stormwater control agency permits will be expected to be consistent 
with the WLAs presented in this report. Numerous stormwater dischargers are located in 
the watershed including Municipal Phase I MS4, the SHA Phase I MS4, industrial facilities, 
State and Federal Phase II MS4s, and any construction activities on area greater than I acre 
(see Appendix I of this document to view the current list ofknown NPDES stormwater 
dischargers). 

An example of one jurisdiction with a PCB TMDL implementation plan is Montgomery 
County. The current Montgomery County Phase I MS4 permit requires that the jurisdiction 
develop implementation plans to meet its assigned NPDES Regulated Stormwater WLAs. 
In this TMDL, because its load was estimated at only 0.00 I% of the total PCB baseline 
load, the Anne Arunde l County Phase I MS4 permit was not assigned a reduction and 
therefore no PCB implementation plan wi ll be required. Development of implementation 
plans by regulated stormwater dischargers within upstream jurisdictions wou ld also 
contribute additional reductions to PCB loadings from the Chesapeake Bay and provide 
progress towards achieving the TMDL. 
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PCBs are sti ll being released to the environment via accidental fires, leaks, or spills from 
older PCB-containing equipment; potential leaks from hazardous waste sites that contain 
PCBs; illegal or improper dumping; and disposal of PCB containing products (e.g., 
transformers, old fluorescent lighting fixtures, electrical devices, or appliances containing 
PCB capacitors, old microscope oil, and old hydraulic oil) into landfills that are not 
designed to handle hazardous waste .. MOE will continue to monitor PCB levels in fi sh 
and evaluate the PCB impairment in the South River embayment on an ongoing basis. 
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Appendix A: List of Analyzed PCB Congeners 

PCB analytical services were provided by the University of Maryland Center for Environmental 
Science (UMCES). Specific PCB congeners were identified and quantified by high reso lution 
gas chromatography with GC-MS detection (Ayris et al. 1997, Holwell et al. 2007, Konietckka 
and Namiesnik 2008, Mydlova-Memersheimerova et a/2009). This method is based on EPA 
method 8082 which was developed in 1996. Since that time the extraction protocols have been 
enhanced to fall in line with those of EPA method 1668a. UMCES uses a slightly modified 
version of the PCB congener spec ific method described in Ashley and Baker ( 1999), in which 
the identities and concentrations of each congener in a mixed Aroclor standard (25: 18:18 mixture 
of Aroclors 1232, 1248, and 1262) are determined based on their chromatographic retention 
times relative to the internal standards (PCB 30 and PCB 204 and ten C 13 labeled standards). 
Based on thi s method, upwards of I 00 chromatographic peaks can be quantified. Some of the 
peaks contain one PCB congener, while many are comprised of two or more co-eluting 
congeners. PCB congeners identified under this method are displayed in Table A-1. The PCB 
analysis presented in this document is based on tPCB concentrations that are calculated as the 
sum of the detected PCB congeners/congener groups representing the most common congeners 
that were historically used in the Aroclor commercial mixtures. 

Table A-1: List of Analyzed PCB Congeners 

I 
3 
4, 10 
6 
7,9 
8, 5 
12, 13 
16,32 
17 
18 
19 
22 
24 
25 
26 
29 
31,28 
33, 21,53 
37,42 
40 
41, 64,71 
44 
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45 110,77 177 
46 114 180 
47,48 118 183 
49 119 185 
51 123, 149 187, 182 
52 128 189 
56,60 129, 178 191 
63 132, 153, 105 193 
66, 95 134 194 
70, 76 135, 144 197 
74 136 198 
81 , 87 137, 130 199 
82, 151 141 201 
83 146 202, 171 ' 156 
84,92 157,200 203, 196 
89 158 205 
91 163, 138 206 
97 167 207 
99 170, 190 208, 195 
100 172 209 
101 174 
107 176 
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Appendix B: Derivation ofAdj-tBAF and Adj-SediBAF 

This appendix describes how the Adj-tBAF and Adj-SediBAF were derived. The method 
followed the Potomac River tPCB TMDL (Haywood and Buchanan 2007). 

I. Data Description 

The observation-based Adj-tBAF and Adj-SediBAF were calculated for the fi sh species within 
the South River from the availab le fish tissue, water column, and sed iment tPCB data. Each fish 
species was assigned a trophic leve l and a home range (see Table B-1 ). The Adj-tBAF and Adj
SediBAF were calculated based on the geometric mean tPCB concentrations of all the samples 
within the home range for each species. 

Table B-1: Species Trophic Levels and Home Ranges 

Com mon Name Scientific Name Trophic Level 
Home Range 

(miles) 

White Perch Morone americana Predator 10 
Carp Cyprinus carpio 8enth ivore-general ist 2 

Yellow Perch Perea flavescens 8enthi vore-general ist 2 

II. Total BAFs 

First, the tBAFs were calculated using Equation B-1 (US EPA 2003): 

t8AF = [tPC8) r.sh (B-1 ) 
[tPC8) Water 

Where: [tPCB]r.sh = tPCB concentration in wet fish tissue (ng/kg) 
[tPCB]water =water column tPCB concentration in fish species home range (ng/L) 

III. Baseline BAFs 

As the tBAFs vary depend ing on the food habits and lipid concentration of each fish species as 
well as the free ly-d issolved tPCB concentrations in the water column, the baseline BAFs were 
calculated as recommended by US EPA (2000): 

8 I
. 

8 
F [PCB) ,sh I %Lipid 

ase me A = "---:;..:;":.:::.:.._----"-
[PC8] w ••• , x % fd 

(B-2) 

Where: o/ofd = fract ion of the tPCB concentration in water that is freely-dissolved 
%lipid = fraction of tissue that is lipid (if the lipid content was not available for a 
ce11ain fish, the average lipid content of the whole ecosystem was used.) 

The freely-dissolved tPCBs are those not associated with dissolved organic carbon (DOC) or 
particulate organic carbon (POC). The o/ofd can be calculated as (US EPA 2003): 

I 
%fd = ------------

I + POC x KOW + D0C x0.08 x Kow 

Where: Kow is the PCB octanol-water partition coefficient, POC and DOC are the 
particulate and dissolved organic carbon concentrations in the water column. 
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The Kow of PCB congeners have large ranges. Therefore, a %fd was calculated for each PCB 
homolog using the midpoint of the homolog's Kow range showing in Table B-2 (Hayward and 
Buchanan 2007). 

Table B-2: Kow Values ofHomologs Used in the Baseline BAF Calculation 

Homolog Midpoint Kow 
Mono+Di 47,315 
Tri 266,073 
Tetra 1,0 11 ,579 
Penta 3,349,654 
Hexa 5,370,318 
He pta 17,179,084 
Octa 39,8 10,7 17 
Nona 82,224,265 
Dec a 151 ,356,125 

The %fd for tPCBs (PCB %fd) was derived by dividing the freely-dissolved PCB concentrations 
by the water column tPCB concentrations: 

I (Homolog %fd x Homolog Concentration) 
PCB %fd = (B-4) 

[tPCBLater 

The PCB %fd was used in Equation B-2 to calculate the baseline BAFs. 

IV. Adjusted Total BAFs 

The baseline BAFs were normalized by the species median lipid content and a single freely
di sso lved PCB concentration (i.e., median %fd within the fi sh's home range) representative of 
the ecosystem, resulting in no variability attribution to differences in fi sh lipid content or freely
di ssolved PCB concentration in the water column: 

Adj- tBAF =(Baseline BAF x Median % Lipid+ I) x Median %fd (B5) 

The tPCB fish tissue listing threshold of39 ng/g can then be divided by the median Adj-tBAF 
for each species to tran slate an associated tPCB water column threshold concentration. 
According to the data requirement for listing a waterbody as impaired by PCBs in fish ti ssue 
(http://www.mde.state.md.us/programs/Water/TMDL/Integrated303dReports/Pages/Programs/W 
aterPrograms/TMDL/maryland%20303%20dlist/ir listing methodologies.aspx), the minimum 
data requirement is 5 fish (individual or composite of the same resident species) for a given 
waterbody and all fi sh that comprise a composite sample must be within the same size class (i.e., the 
smallest fish must be within seventy-five percent of the total length of the largest fish). The lowest 
tPCB water column concentration of all the fish species will be selected as the TMDL endpoint 
in order to be supp011ive of the " fishing" des ignated use (Table B-3). In the South River, the 
lowest concentration (0.48 ng/L) is associated with Yellow Perch . There are two fi sh 
composites for Yellow Perch and each composite is composed of 5 fi sh. The length and weight 
for these fish are shown in Table B-4. For South River, 0.48 ng/L from Yellow perchwas 
selected as the water column endpoint. 
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Table B-3: tBAF, Baseline BAF, Adj-tBAF, and Water Column TMDL Endpoint tPCB 
Concentrations for Each Species 

Number Water Column 
tBAF Baseline Adj-tBAF 

Species Name of Fish TMDL Endpoint tPC B 
(L/kg) BAF (Likg) (Likg) 

(composite) Concentration (ng/L) 

Yellow Perch 10(2) 82 112 247453628 81193 0.48 

White Perch 25(5) 89292 31622932 71833 0.54 

Carp 4(1) 208496 24823214 56625 0.69 

Table B-4: Individual Fish Lengths and Weights in the Yellow Perch Composites 

Composite ID Number fish Individual Fish Length Weight 
Number in Composite Field ID Number (cml (g/lbs.) 

20 12FTC SOU G 5 03/20 12 sou 16 29.3 293 - - - -

03/20 12 sou 17 29.3 290 - -
03/20 12 sou 18 28.8 293 - -
03/2012 sou 19 28 279 - -

03/20 12 sou 20 28.2 280 - -
20 12FTC SOU H 5 03/2012 sou 21 28 259 

- - - -
03/20 12 sou 22 28.2 246 - -
03/20 12 sou 23 26.2 2 14 - -
03/20 12 sou 24 26.4 244 - -

03/20 12 sou 25 26 2 16 - -

V. Biota-Sediment Accumulation Factors and Adjusted Sediment BAFs 

The biota-sediment accumu lation factors (BSAFs) were derived by the following equation: 

BSAF = -----tP_C_B-="'='"·~1-~_o _L~i p_id ____ _ 
tPCB sed,menJ % Oraganic Carbon 

(B-6) 

where: % Organic Carbon is the species home range's average sediment organic carbon 

fraction. 

S ince there is no avai lable% Organic Carbon informatio n for some of the study s ites, a default 

values of 1% was used (US EPA 2004). Each species' BSAF was then standardized to a 

common condition by normaliz ing them to the median lipid content of the species and a 

sed iment organ ic carbon fraction representative of the ecosystem: 
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Adj- SedBAF = BSAF x Median% Lipid 
Median% Oraganic Carbon 

(B-7) 

The tPCB fish tissue listing threshold of 39 ng/g can then be divided by the median Adj-SedBAF 
for each species to translate an associated tPCB sediment threshold concentration. The lowest 
tPCB sediment concentration of all the fi sh species will be selected as the TMDL endpoint in 
order to be supportive of the "fishing" designated use (Table B-5). In the South River, the 
lowest concentration (9.2 ng/g) is associated with Carp. However, as the sample size of the Carp 
is small (4 fish on ly), the next lowest concentration ( 14.0 ng/g) associated with White Perch is 
selected as the sediment TMDL endpoint. 

Table B-5: BSAF, Adj-SedBAF, and Sediment TMDL Endpoint tPCB Concentrations 

Species Name 

White Perch 
Yellow Perch 

Carp 

South River PCB TMDL Report 
Document version: May, 2014 

BSAF 

1.32 
5.57 
0.56 

Sediment TMDL 
Adj-SedBAF Endpoint tPCB 

Concentration (ng/g) 
2 .79 14.0 
1.69 23. 1 
4 .26 9.2 
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Appendix C: Method Used to Estimate Watershed tPCB Load 

In May, August, and October of20 11 and February 2012, MDE collected water column samples 
for PCB analysis at 4 watershed monitoring stations in the non-tida l tributaries of the South 
River (Stations STH-6, STH-7, STH-8 and STH-9) (F igure C-1). In order to assess whether or 
not these samples covered all flow ranges so that they could be used to calculate watershed loads, 
the daily average flow rates from January I, 2008 to December 31,2013 ofthe closest USGS 
Station 01589795 located at South Fork Jabez Branch at Millersville (Figure C-1 ) were used to 
generate the flow duration curves. The flows for the dates on which the watershed samples were 
co llected were identified on the fl ow duration curve (Figure C-2). This comparison indicates 
that the PCB samples are mainly located in the medium to high flow region. It was therefore not 
justifiable to use the regression method applied in the Back River tPCB TMDL (M DE 20 II b) to 
the South River. 

To calculate the watershed flow, the daily flow rates from January I, 2008 to December 3 1, 20 13 
of the USGS Station I 589795 were averaged. The South River watershed flow ( 48.366 cubic 
feet per second) was calculated by dividing the USGS station mean flow (0.858 cubic feet per 
second) by the USGS drainage area (2.59 km 2

), and multiplying the South River watershed area 
( 146 km 2). T he South River watershed baseline tPCB loading ( 12. 1 g/year) was calcu lated by 
multiply ing the average flow and mean measured tPCB concentration (0.28 1 ng/ L) of fou r 
watershed stations (STH6 - STH9). 
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Figure C-1: The Locations of PCB Water Column Measurement Stations and the USGS 
Station in the South River Watershed 
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Figure C-2: Relative Locations of PCB Water Column Measurement Station Sampling 
Date Flow on the Flow Duration Curve 
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Appendix D: Tidal Prism Model 

A description of the tidal pri sm model applied in the development of the South River embayment 
PCB TMDL is presented in thi s Appendix. The model assumes that a single volume can 
represent a waterbody, and that the pollutant is well mixed in the waterbody, as shown in Figure 
D-1. Assuming no decay, PCBs can enter the water column via loads from watershed sources 
and the atmosphere (Lj), loads from the Chesapeake Bay mainstem (QoCo), resuspension from 
the bottom sediments (V,.AC2) , and the diffus ion between the sediment-water column interface 
(YctA(Fcto2C2- FctoiC)). PCBs leave the water column via volatilization (V,AFdoJC,), flows to the 
Chesapeake Bay mainstem (Q&C1), and sedimentation (V sAFp1C1) . In the sediment, PCBs enter 
the system via settling (VsAFp1C1), and leave the system via diffusion (YctA(Fcto2C2-Fct01 C)), 
resuspension (V,.AC2), and burial to a deeper layer (V&AC2). Specifically, the mass balance for 
the PCBs in the water column and sediment can be written as: 

Where: 
L1 = PCB load from upstream (point and nonpoint sources) and direct atmosphere 
deposition and the load from the atmosphere to the river surface; 

Vv = volatilization coefficient (m/d); 

a = return ratio, which is the percentage of water that flowed to the Chesapeake Bay 
during the previous ebb tide and flows back to the embayment during the flood tide; 

A = area of the embayment (m2); 

Q0 = quantity of water that enters the embayment through the open boundary (m3/d); 

Q& = quantity of water that leaves the embayment through the open boundary (m3/d); 

Co = tPCB concentrations in the water column of the Chesapeake Bay (ng/L); 

C1 = tPCB concentrations in the water column of the embayment (ng/L); 

C2 = tPCB concentrations in the sediment of the embayment (ng/L); 

V1 =volume of the water column in the embayment (m3
); 

V2 =volume of the active sediment layer of the embayment (m\ 

vd = diffusive mixing velocity; 

Fp1 = fraction of particular-associated PCBs in the water column; 

Fdol= fraction of truly dissol ved and DOC-associated PCBs in the water column; 

Fdo2= fraction oftruly dissolved and DOC-associated PCBs in the sediment; 

V,. = rates of resuspension (m/d); 

Vs =rates of settl ing (m /d); 

vb = rates of burial (m/d) . 
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Figure D-1: Schematic Diagram of the Tidal Prism Model and PCB Budget 
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Appendix E: Tidal Prism Model Calculations for the South River Embayment 

For the South River embayment tidal prism model, the parameter values are as follows: 

L1 = 138,370 11g/day. It was obtained by summing al l the upstream point and nonpoint 
source loads and the load from the atmosphere to the river surface. 
Vv = 91 .6 m/year = 0.25 1 m/day [derived using the method of Chapra ( 1997), assuming a wind 
speed of I m/s and a temperature of lO .C ] 

a = 0.5 (return ratio varies from 0.1 to 0.9) 

A = 23,980,381 (m2
) . 

Qo = A x Tidal range + Tidal circle x24 hours = 23,980,381 x0.338+12.42 x24 = 15,662,548 
(m3/d). 

Qb = Qf (Volume of water entering the embayment from the watershed)+ Q0x( l- a) = 118,333 
+ 15,662,548 x(J-0.5) = 7,949,608 (m3/d) (Q1 is the estimated daily watershed flow) 

C0 = 0.779x(0.95)1 (ng/L) (The measurement at the station STH-1 was used as the baseline 
boundary condition of the model. The TMDL methodology assumes that on average the tPCB 
concentrations at the South River boundary are decreasing at a rate of 5% per year 

C, = 0. 714 (ng!L, measured and averaged) 

C2 = Measured tPCB concentration on a dry sediment base x Sediment density x (! -porosity)+ 
Fraction of particu lar-associated PCBs in the sed iment = 28.53 x2,500x(l-0.80) + 0.9983 = 
14,289 (ng/ L) [the porosity (water content on a volume base) of0.80 is selected based on 
observations and reference (Thomann and Mueller 1987)] 

V1 = 71 ,70 1,339 (m3
) (average depth of2.99 meters) 

V2 =A x Active sediment layer thickness= 23 ,980,38 1 xO. l 0=2,398038 (m3
) (active sediment 

layer thickness value of 0.10 m is a typical value frequently used in water quality models) 

vd = 69.35x Poros ity X (Molecular weight of PCBsY213
-;- 365 = 69.35 X 0.8 x (305.6)"213

-;- 365 = 
0.00335 (m/d; Thomann and Muel ler 1987) 

Fpl = 0.3478; Fdul = 0.6522; F do2= 0.00171 (see Append ix F for derivation) 

Vs= I (m/d) (a defau lt value of settling rate normally used in literature) 

Vb = 3.935x I o·6 (m/d, average of the measured sed imentation rates of Northeast River, Corsica 
River, Bohemia River, and Sassafras River through 21 0Pb technology) 

V, can be calculated via mass balance of the sediment in the active sediment layer at steady 
state: 

d p(l - (/J) = v x rss - v x p x (I - (/J) - V
6 

x p x (I - (/J) = o 
dt s r 

Where: TSS is the total suspended sol id concentration (g/m3
, measured) 

pis the sediment density (g/m3
; Thomann and Mueller, 1987) 

qJ is the porosity. 

Rearrange Equation E-1: 

(E-1) 

v, = v, x rss _ v
6 

= 
1 

x 
1628 

-3.935 x 1 o-6 = 2.86 x 1 o-s (m/d) (E-2) 
p X (I- qJ) 2500000 X (I- 0.80) 
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Appendix F: Calculation of Fractions of Diflerent PCB Forms 

The fractions in equations D-1 and D-2 can be calculated as follows: 

Where: 

F = TSS X J 0-6 Koc X f oci 

pi I+ (KI)C X I o-6 )(TSS X f oci + DOC,) 
(F-1) 

F = I + (Koc X I 0-6 )DOC1 

dol I + (Koc X I o-6 )(TSS X f oci+ DOC,) 
(F-2) 

F = ¢ + ¢(Koc X I 0-6 )DOC2 

do
2 ¢ + (K,>C X I o-6

)(/oc2 X p X (1 - ¢) + ¢DOC2) 
(F-3) 

Koc = the organic carbon/water partition coefficient of PCBs (Likg). It describes 

the ratio of a compound adsorbed to solids and in solution, normalized for organic 
carbon content. It can be calculated via the relationship of 

log 10 Koc = 0.00028 + 0.983 x log 10 K 0
"' (Hoke eta!. 1994), where Kow is the 

octanol-water partition coefficient with log10Kow equals to 6.26 1 (De Bruijn et a/. 
1989). 

foc1 and foc2 = the fractions of organic carbon in suspended solids in the water 
column and the sed iment solids, respectively (US EPA 2004). 
DOC1 and DOC2 = the dissolved organic carbon concentration in water column 
and pore water, respectively. 
rp = the porosity of the sediment. 
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Appendix G: Technical Approach Used to Generate Maximum Daily Loads 

I. Summary 

This appenqix documents the technical approach used to define MDLs oftPCBs consistent with 
the average annual TMDL, which is protective of the "fishing" designated use, which is 
protective of human health related to the consumption of fish, in the South River. The approach 
bui Ids upon the modeling ana lysis that was conducted to determine the loads of tPCBs and can 
be summarized as follows. 

• The approach defines M DLs for each of the source categories; 

• The approach builds upon the TMDL modeling analysis that was conducted to ensure 
that average annual load targets resu lt in compliance with the TMDL endpoint tPCB 
concentrations; 

• The approach converts daily time-series loads into TMDL values in a manner that is 
consistent with avai lable EPA gu idance on gene rating daily loads for TMDLs; 

• The approach considers a da il y load leve l of a resolution based o n the specific data that 
exists for each source category. 

II. Introduction 

This appendix documents the development and application of the approach used to define 
TMDLs on a dai ly basis. It is div ided into sections discuss ing: 

• Basis for approach, 

• Options considered, 

• Selected approach, 

• Results of approach . 

III. Basis for Approach 

The overa ll approach for the development of dai ly loads was based upon the following factors: 

• Average Annual TMDL: The basis of the average annua l tPCB TMDL is that the 
baseline tPCB load rates result in tPCB levels in fish tissue that exceed the tPCB fish 
tissue listing threshold. Thus, the average annual tPCB TMDL was ca lcu lated to be 
protective ofthe "fishing" designated use, which is protective of human health re lated to 
the consumption offish. 

• Draft E PA guidance document entitled Developing Daily Loads for Load-based 
TMDLs: This guidance provides options for defin ing MDLs when us ing TMDL 
approaches that generate daily output. 

The rationale for developing TMDLs expressed as daily loads was to accept the existing average 
annua l TMDL, but then develop a method for conve1iing this value to a MDL- in a manner 
consistent with EPA guidance and avai lable information. 
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VI. Options Considered 

The draft EPA guidance document for developing daily loads does not specify a single approach 
that must be adhered to, but rather, it contains a range of acceptable options. The selection of a 
specific method for translating a time-series of allowable loads into the expression of a TMDL 
requires decisions regarding both the level of resolution (e.g., single daily load for all conditions 
vs. loads that vary with environmental conditions) and level of probability associated with the 
TMDL. 

This section describes the range of options that were considered when developing methods to 
calculate the MDL for the South River. 

Level of Resolution 

The level of resolution pertains to the amount of detail used in specifying the MDL. The draft 
EPA guidance on daily loads provides three categories of options for level ofresolution, all of 
which are potentially applicable for the South River: 

I. Representative daily load: In this option, a s ingle daily load (or multiple representative 
daily loads) is specified that covers all time periods and environmental conditions. 

2. Flow-variable daily load: This option a llows the MDL to vary based upon the observed 
flow condition. 

3. Temporally-variable daily load: This option a llows the MDL to vary based upon 
seasons or times of varying source or water body behavior. 

Probability Level 

All TMDLs have some probability of being exceeded, with the specific probability being 
explicitly specified or implicitly assumed. This level of probability directly or indirectly reflects 
two separate phenomena: 

I. Water quality criteria consist of components describing acceptable magnitude, duration, 
and frequency. The frequency component addresses how often conditions can allowably 
surpass the combined magnitude and duration components. 

2. Pollutant loads, especially from wet weather sources, typically exhibit a large degree of 
variability over time. It is rarely practical to specify a "never to be exceeded value" for a 
daily load, as essentially any load value has some finite probability of being exceeded. 

The draft daily load guidance document states that the probability component of the MDL should 
be "based on a representative statistical measure" that is dependent upon the specific TMDL and 
best profess ional judgment of the developers. This statistical measure represents how often the 
MDL is expected/allowed to be exceeded. The primary options for selecting this level of 
protection would be: 

1. The MDL reflects some central tendency: In this option, the MDL is based upon the 
mean or median value of the range of loads expected to occur. The variability in the 
actual loads is not addressed. 

2. The MDL reflects a level of protection implicitly provided by the selection of some 
"critical" period: In this option, the MDL is based upon the allowable load that is 
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predicted to occur during some critical period examined during the analysis. The 

developer does not explicitly specifY the probability of occurrence. 

3. The MDL is a value that will be exceeded with a pre-defined probability: In this 

option, a " reasonable" upper bound percentile is selected for the MDL based upon a 

characterization of the variability of daily loads. For example, selection of the 951
h 

percentile value would result in a MDL that would be exceeded 5% of the time. 

V. Selected Approach 

The approach selected for defining a South River MDL was based upon the specific data that 

exists for each source category. The approach consists of unique methods for each of the 

fo llowing categories of sources: 

• Approach for Non point Sources and NPDES Regulated Stormwater Point Sources 

• Approach for WWTPs 

VI. Approach for Non point Sources and NPDES Regulated Stormwater Point Sources 

The level of resolution selected for the South Ri ver MDL was a representative daily load, 

expressed as a s ingle dai ly load for each load source. This approach was chosen due to the 

nature ofPCBs and the focus ofthis study on a TMDL endpoint protective of the "fish ing" 

designated use. Daily flow and temporal variabi lity do not affect the rate of PCB 
bioaccumulation in fi sh tissue over the long term thus establishing no influence on achievement 

ofthe TMDL endpoint. A MDL at this level of resolution is unwarranted. 

The MDL was estimated based on three factors: a specified probability level, the average annual 

tPCB TMDL, and the coefficient of variation (CV) of the initial condition for ambient water 

column tPCB concentrations in the South River. The probability level (or exceedance frequency) 

is based upon guidance from US EPA (I 99 1) where examples suggest that when converting fro m 

a long-term average to a daily value, the z-score corresponding to the 99111 percenti le ofthe log

normal probability distribution sho uld be used. 

The CY was calcu lated using the arithmetic mean and standard deviation of the baseline am bien t 

water column tPCB concentrations in the South Rive r. The resulting CY of0.446 was calculated 

using the following equation: 

cv = {J 
a 

Where, 
CY = coefficient of variation 
a= mean (arithmetic) 
~ =standard deviation (arithmetic) 

(Equation G-1) 

The max imum "daily" load for each contributing source is estimated as the long-term average 

annua l load multiplied by a factor that accounts for expected variab ility of daily load values. 

The equation is as follows: 
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Where, 
MDL = Maximum daily load 
L TA = Long-term average (average annual load) 
Z = z-score associated with target probability level 
cr = ln(CV2+ 1) 

(Equation G-2) 

CV = Coefficient of variation based on a rithmetic mean and standard deviation 

Using a z-score associated with the 99th percent probability of2.33, a CV of0.446, and 
consistent units, the resulting dimensionless conversion factor from long-term average loads to a 
maximum daily val ue is 1.5. The average annual tPCB TMDL in the South River is reported in 
g/year, and the conversion from g/year to a maximum daily load in g/day is 0.0041 (e.g. 1.5/365). 

VIII. Approach for WWTPs 

The TMDL also considers contributions from NPDES permitted WWTPs that discharge 
quantifiable concentrations of tPCBs to the South River. The MDLs were calculated for these 
WWTPs based on the guidance provided in the Technical Support Document (TSD) for Water 
Quality-based Toxics Control (US EPA 1991 ). The long-term average annual TMDL was 
converted to maximum daily limits using Table 5-2 of the TSD assuming a coefficient of 
variation of0.6 and a 99th percentile probability. This results in a dimensionless multiplication 
factor of 3. 11 . The average annual South River TMDL of PCBs is reported in g/year, and the 
conversion from g/year to a maximum dai ly load in g/day is 0.0085 (i.e. 3.11/365). lt should be 
noted that the WWTP Load was considered to be de minimis. 

IX. Results of Approach 

Table G-1 lists the results ofthe selected approach to define the South River MDLs. 

Table G-1: Summary oftPCB Maximum Daily Load 

Source 
Chesapeake Bay Mainstem Influence 
Direct Atmospheric Deposition 
(to the Surface of the Embayment) 
Watershed Nonpoint Sources • 

Nonpoint Sources 

WWTP 

NPDES Regulated Stormwater 

Point Sources 

MOS(5%) 

Total 
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TMDL (g/year} MDL (g/day} 

1124 4.621 
38.4 0.158 

8.2 0.034 

1171 4.813 

0.024 0.000 

3.9 0.016 

3.924 0.016 

62 0.254 

1237 5.083 



INTERAGENCY REVIEW DRAFT 

Appendix H: List of NPDES Regulated Stormwater Permits 

Table H-1: NPDES Regulated Stormwater Permit Summary for the South River Watershed 1 

MOE NPDES Facility City Permit 

05-DP-3313 MD0068276 State Highway Administration (MS4) State-wide 

09-GP-0000 MDR100000 MOE General Permit to Construct All 

04-DP-3316 MD0068306 Anne Arundel Phase I MS4 County-wide 

03-IM-5500 MDR055500 City of Annapolis Phase II MS4 City-wide 

02SW1179 MDR001179 Anne Arundel County - Crownsville Annapolis 

02SW2298 MDR002298 Anne Arundel County - Southern 
Davidson Districts Operations 

02SW1290 MDR001290 Reliable Contracting Co .. Inc. Millersville 

02SW1331 MDR001331 SHA -Annapolis Shop Annapolis 

Note: 1 Although not listed in this table, some individual process water permits 
incorporate stormwater requirements and are accounted for within the NPDES 
Stormwater WLA, as well as additional Phase 11 permitted MS4s, such as military 
bases, hospitals, etc. 
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County Type 

All Phase I (Anne Arundel) WMA6 

All 

Anne Arundel WMA6 

Anne Arundel WMA6 

Anne Arundel WMA5 

Anne Arundel WMA5 

Anne Arundel WMA5 

Anne Arundel WMA5 

TMDL 

Stormwater WLA 

Stormwater WLA 

Stormwater WLA 

Stormwater WLA 

Stormwater WLA 

Stormwater WLA 

Stormwater WLA 

Stormwater WLA 
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Appendix 1: Total PCB Concentrations and Locations of the PCB Monitoring Stations 

Tables 1-1 through 1-3 list the tPCB concentrations in the sediment, fi sh tissue, and water column 
samples collected in the South River. Figure I- I shows the locations of the water colu mn, 
sediment and fish tissue monitoring stations. 

Table 1-1: Sediment tPCB Concentra tions (ng/g) in the South River 

Station Date Cone. 

STH-1 5/ 13/2011 5.93 

STH-1 10/25/2011 7.29 

STH-2 5/13/2011 15.99 

STH-2 10/25/2011 11.68 

STH-3 5/13/2011 31.69 

STH-3 10/ 25/ 2011 20.11 

STH-4 5/13/2011 56.76 

STH-4 10/25/2011 24.00 

STH-5 5/13/2011 56.27 

STH-5 10/25/2011 11.74 

Table 1-2: Fish Tissue tPCB Concentrations (ng/g) in the South River 

Site Date 

South River 10/ 5/ 2011 

South River 10/ 5/2011 

South River 10/5/2011 

South River 3/14/ 2012 

South River 3/14/2012 

South River 3/14/2012 

South River 3/14/2012 

South River 3/14/2012 
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Cone. Species 
16.6 White perch 

67.1 White perch 

109.5 Carp 

33.7 (pre spawn) Whit e perch 

59.6 (pre spawn) Whit e perch 

62.3 (pre spawn) White perch 

47.2 (spent) Yellow perch 

39.0 (spent) Yellow perch 
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Table 1-3: Water Column tPCB Concentrations (ng/L) in the South River 

Station ID Sample Type 

STH-1 Tidal (Boundary) 

STH-1 Tidal (Boundary) 

STH-1 Tidal (Boundary) 

STH-1 Tidal (Boundary) 

STH-1 Tidal (Boundary) 

STH-1 Tidal (Boundary) 

STH-1 Tidal (Boundary) 

STH-1 Tidal (Boundary) 

STH-2 Tidal 

STH-2 Tidal 

STH-2 Tidal 

STH-2 Tidal 

STH-2 Tidal 

STH-2 Tidal 

STH-2 Tidal 

STH-2 Tidal 

STH-3 Tidal 

STH-3 Tidal 

STH-3 Tidal 

STH-3 Tidal 

STH-3 Tidal 

STH-3 Tidal 

STH-3 Tidal 

STH-3 Tidal 

STH-4 Tidal 

STH-4 Tidal 

STH-4 Tidal 

STH-4 Tidal 

STH-4 Tidal 

STH-4 Tidal 

STH-4 Tidal 

STH-4 Tidal 

STH-5 Tidal 

STH-5 Tidal 

STH-5 Tidal 

STH-5 Tidal 

STH-5 Tidal 

STH-5 Tidal 
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Date 

5/12/2011 

5/12/2011 

8/11/2011 

8/11/2011 

10/25/2011 

10/25/2011 

2/28/2012 

2/28/2012 

5/12/2011 

5/12/2011 

8/11/2011 

8/11/2011 

10/25/2011 

10/25/2011 

2/28/2012 

2/28/2012 

5/12/2011 

5/12/2011 

8/11/2011 

8/11/2011 

10/25/2011 

10/25/2011 

2/28/2012 

2/28/2012 

5/12/2011 

5/12/2011 

8/11/2011 

8/11/2011 

10/25/2011 

10/25/2011 

2/28/2012 

2/28/2012 

5/12/2011 

5/12/2011 

8/11/2011 

8/11/2011 

10/25/2011 

10/25/2011 

J-2 

tPCBs Total tPCBs 

(ng/L) (ng/L) 

0.096 
0.608 

0.51136 

0.017 
0.744 

0.727 

0.000 
0.486 

0.486 

0.540 
1.279 

0.739 

0.033 
0.618 

0.585 

0.021 
0.579 

0.558 

0.000 

0.578 
0.578 

0.000 
0.840 

0.840 

0.058 
0.480 

0.42258 

0.022 

0.830 
0.852 

0.000 

0.548 
0.548 

0.763 
1.597 

0.834 

0.011 
0.541 

0.530 

0.003 

1.044 
1.046 

0.110 
0.522 

0.412 

0.304 
0.794 

0.491 

0.010 

0.2205 
0.230 

0.097 
0.964 

0.867 

0.230 
0.816 

0.586 
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STH-5 Tidal 

STH-5 Tidal 

STH -6 Non-Tidal 

STH -6 Non-Tidal 

STH-6 Non-Tidal 

STH-6 Non-Tidal 

STH-6 Non-Tidal 

STH-6 Non-Tidal 

STH-7 Non-Tidal 

STH-7 Non-Tidal 

STH-7 Non-Tidal 

STH-7 Non-Tid al 

STH-7 Non-Tidal 

STH-7 Non-Tidal 

STH-7 Non-Tidal 

STH-7 Non-Tidal 

STH-8 Non-Tidal 

STH-8 Non-Tida l 

STH-8 Non-Tidal 

STH-8 Non-Tida l 

STH-8 Non-Tidal 

STH-8 Non-Tidal 

STH-8 Non-Tidal 

STH-8 Non-Tidal 

STH -9 Non-Tidal 

STH-9 Non-Tidal 

STH-9 Non-Tidal 

STH-9 Non-Tidal 

STH-9 Non-Tidal 

STH-9 Non-Tidal 

STH-9 Non-Tidal 

STH-9 Non-Tidal 
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2/ 28/2012 0.000 

2/28/ 2012 
0.420 

0.420 

8/ 11/ 2011 0.028 
0.328 

8/ 11/2011 0.301 

10/ 25/ 2011 0.060 
0.060 

10/25/ 2011 0.000 

2/ 28/2012 0.286 
0.286 

2/ 28/ 2012 0.000 

5/ 12/ 2011 0.260 
0.481 

5/ 12/2011 0.22081 

8/ 11/ 2011 0.109 
0.525 

8/ 11/2011 0.416 

10/25/2011 0.522 
1.173 

10/25/2011 0.651 

2/28/2012 0.209 
0.502 

2/28/2012 0.293 

5/ 12/ 2011 0.01262 
0.090 

5/ 12/ 2011 0.078 

8/ 11/2011 0.000 
0.456 

8/ 11/2011 0.456 

10/ 25/ 2011 0.000 

10/ 25/ 2011 
0.000 

0.000 

2/28/2012 0.059 

2/ 28/ 2012 
0.059 

0.000 

5/ 12/ 2011 0.015 

5/ 12/ 2011 
0.051 

0.036 

8/ 11/ 2011 0.000 

8/ 11/ 2011 
0.186 

0.186 

10/ 25/ 2011 0.000 
0.000 

10/ 25/ 2011 0.000 

2/ 28/ 2012 0.000 
0.018 

2/ 28/ 2012 0.018 
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Figure 1-1: PCB Water Column, Fish Tissue and Sediment Monitoring Stations 
in the South River 
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